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SENSOR AND METHOD FOR DETECTING 
ANALYTES IN FLUIDS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to the ?eld of sen 

sors, and more particularly relates to sensors for detecting 
analytes in ?uids. 

2. Description of the Prior Art 
Sensors are Widely used in technology of detecting the 

presence of analytes in ?uids. The folloWing references are 
pertinent to this ?eld of art: 

1. US. Pat. No. 4,887,455 issued on Dec. 19, 1989 to Payne 
et al. for “Gas Sensor” (hereafter “the Payne ’455 
patent”); 

2. US. Pat. No. 5,571,401 issued on Nov. 5, 1996 to LeWis 
et al. for “Sensor Arrays for Detecting Analytes in Flu 
ids” (hereafter “the ’401 LeWis patent”); 

3. US. Pat. No. 6,319,724 issued on Nov. 20, 2001 to LeWis 
et al. for “Trace Level Detection of Analytes Using Arti 
?cial Olfactometry” (hereafter “the ’724 LeWis patent”); 
and 

4. Payne, et al., “High-Frequency Measurements of Con 
ducting Polymers: Development of A NeW Technique 
for Sensing Volatile Chemicals”, Meas. Sci. Technol. 6 
(1995) pp. 1500-1507 (hereafter “the Payne Publica 
tion”). 

The Payne patent discloses a gas sensor that has a semi 
conductor organic polymer layer exposed to a gas to be 
detected. An analyZer applies an alternating electric signal at 
speci?c resonant frequencies to the sensor to detect the 
change in the sensor’s impedance characteristics Which are 
compared by a microcomputer With reference characteristics 
stored in a memory of the microcomputer. The gas in contact 
With the sensor can be detected because of the resulting dif 
ference spectra. The patent further discloses that the best 
performance of the invention is likely to be conducted 
betWeen frequency ranging 100 MHZ to 500 MHZ Wherein 
the resonance may happen. 

The ’401 LeWis patent discloses arrays of chemical sensors 
for detecting analytes in ?uids. The sensors include ?rst and 
second conductive elements electrically coupled to and sepa 
rated by a chemically sensitive resistor Which provides an 
electrical path betWeen the conductive elements. The resistor 
includes a plurality of alternating nonconductive regions 
made of a nonconductive organic polymer and conductive 
regions made of a conductive material transverse to the elec 
trical path. The resistor further provides a difference in resis 
tance betWeen the conductive elements When contacted With 
a ?uid containing a chemical analyte at a ?rst concentration, 
and then at a second different concentration. Arrays of such 
sensors are constructed With at least tWo sensors having dif 
ferent chemically sensitive resistors providing dissimilar 
such differences in resistance. Variability in chemical sensi 
tivity from sensor to sensor is provided by qualitatively or 
quantitatively varying the composition of the conductive and/ 
or nonconductive regions. An “electronic nose” for detecting 
an analyte in a ?uid may be constructed by using such arrays 
in conjunction With an electrical measuring device electri 
cally connected to the conductive elements of each sensor. 

The ’724 LeWis patent discloses a method using arti?cial 
olfactometry for detecting the presence of an analyte indica 
tive of various medical conditions, including halitosis, peri 
odontal disease and other diseases. 
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2 
The Payne Publication discloses the change in the alternate 

current (AC) impedance characteristics of poly-N-(2-py 
ridyl) pyrrole in the presence of different volatile chemicals. 

It can be seen from the above cited references that signi? 
cant efforts have been devoted in the past in the research and 
development of sensors that are capable for detecting and 
identifying analytes in ?uids. Identi?cation of analytes in 
?uids from instrumental analysis is accomplished from 
mimic mechanisms of the mammalian olfactory system that 
applies probabilistic repertoires of many different receptors 
to record a single odorant. 

HoWever, identi?cation of the odorant is dependent upon 
not only the results from highly speci?c receptors but also the 
output from less speci?c ones. In other Words, identi?cation is 
based on recognition a spectrum of signals that resemble a 
speci?c pattern. Following this direction, conventional tech 
nologies in sensor con?guration Were developed according to 
the folloWing tWo schemes to generate a signal spectrum: 
applying a multiple sensor and single sensor strategies. 

In the approaches that utiliZe multiple sensors, various 
detecting devices have been developed that use metal oxide 
thin ?lm resistor sensors, conductive polymer or polymer 
carbon poWder composite ?lm chemi-resistor sensors, poly 
mer coated quartZ crystal microbalance (QCM) sensors, 
polymer coated surface acoustic Wave (SAW) sensors, metal 
oxide-silicon ?eld-effect-transistor (MOSFET) sensors, and 
optical sensors. HoWever, although much progress has been 
made in the past, there are still primary disadvantages inher 
ited from the sensing mechanisms of such multi-sensor tech 
nologies. The disadvantages include the requirement of a 
large number of sensors to generate a patterned information, 
the sophistication required for the sensor con?guration, the 
poor reproducibility in sensor manufacturing, the strong 
humidity in?uence on chemical analysis, the sloW response, 
the expensive electronics equipment required, and the very 
restricted operating conditions. 

Various polymer ?lms With a general thickness of several 
micrometers have been extensively used in multi-sensor con 
?gurations to improve sensor sensitivity and detection limit. 
This is primarily due to the fact that the polymer ?lms can trap 
the chemical vapor because of their speci?c chemical selec 
tivity on analytes. As a result, the analytes Will be concen 
trated inside of the polymer prior to detection. 

HoWever, the conventional polymer ?lms also inherit a 
number of disadvantages. First, the thin ?lms of polymer are 
sensitive to the humidity associated With the analyte. Humid 
ity is the predominant factor to in?uence performance of the 
polymer ?lm based gas sensors. Second, polymer ?lms have 
an aging effect that affects the sensor stability for long term 
operations. Third, it is di?icult to achieve reproducibility of 
dispensing the polymer ?lms onto sensors, particularly When 
a large number of sensors must be used in a multi-sensor 
con?guration. 

In the approaches that utiliZe a single sensor strategy, vari 
ous instruments have been developed that are based on the 
mechanisms of gas chromatography (GC), mass spectrom 
etry (MS), and light spectrum. Generally, these instruments 
are very expensive. Moreover, they are typically very bulky in 
siZes that makes miniaturization almost impossible. As a 
result, they are less attractive in the market Where portability 
of instrument becomes increasingly important. 
As an example, the Payne patent and Publication discussed 

above disclose application of a single sensor for detecting 
impedance and phase sensitive components of conductive 
polymer modi?ed electrodes at various frequencies to estab 
lish a spectrum of signals. HoWever, the Payne device 
requires high frequencies ranging from 100 MHZ to 500 
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MHZ, Which brings signi?cant dif?culties in instrument 
manufacturing and application. In addition, it still has the 
disadvantages inherent from polymer ?lms. 

Therefore, it is desirable to design and develop a neW 
sensor and method that overcome the disadvantages of con 
ventional sensor devices, and has a better reproducibility of 
performance and sensor manufacturing, feWer interference 
de?ciency, enhanced sensitivity, less restricted operation con 
ditions, and increased portability. 

SUMMARY OF THE INVENTION 

The present invention is directed to a sensor and related 
method for detecting analytes in ?uids. 

It is an object of the present invention to provide a neW and 
unique sensor device and technique for detecting analytes in 
?uids that utiliZe a single sensor design for analyZing AC 
electrical information of the analytes at various selected fre 
quencies ranging from 10 KHZ to l MHZ. 

It is also an object of the present invention to provide a neW 
and unique sensor device and technique for detecting analytes 
in ?uids that can identify an analyte by comparing a single 
pattern of the AC electrical information of the analyte at 
various selected frequencies ranging from 10 KHZ to l MHZ 
With patterns of electrical information of knoWn analytes. 

It is another object of the present invention to provide a neW 
and unique sensor device and technique for detecting analytes 
in ?uids that has a background reference mechanism to 
reduce the background in?uence, including humidity, on the 
analyte detection. 

It is a further object of the present invention to provide a 
neW and unique sensor device and technique for detecting 
analytes in ?uids that employs temperature programming on 
regulating the sensor temperature to improve the performance 
of the analyte detection. 

It is the further object of the present invention to provide a 
neW and unique sensor device and technique for detecting 
analytes in ?uids that has capability for applying all types of 
organic, inorganic, and metal adsorbents to selectively ana 
lyZe analytes including small molecule chemicals. 

It is an additional object of the present invention to provide 
a neW and unique sensor device for detecting analytes in ?uids 
that is compact in siZe, portable, easy to use, inexpensive to 
produce, and loW in energy consumption. 

In a preferred embodiment of the present invention, a novel 
and unique detection method and device is provided for iden 
tifying analytes in ?uid, Which is based on detecting AC 
electrical properties of the analytes such as impedance and its 
components, i.e., resistance and reactance, as they are gov 
erned by chemical characteristics of the analytes. The present 
invention utiliZes a single sensor that has a pair of metal 
conductors to analyZe AC electrical information of the ana 
lytes at various frequencies ranging from 10 KHZ to l MHZ. 

The measurement results in a patterned electrical informa 
tion for the analytes at the applied frequencies. After analyZ 
ing the AC electric information at various selected frequen 
cies through a pattern recognition procedure, the analytes can 
be identi?ed by comparison With patterns of electrical infor 
mation of knoWn analytes. 

In the present invention method, the identi?cation of 
chemicals is based on generating patterns of characteristic 
information gathered from the chemicals in the analytes 
being tested, Which information are speci?c to the chemicals 
and are gathered from various dimensions. Therefore, the 
present invention method is focused on ?nding such speci?c 
characteristics information that is related to the natural char 
acteristics of the chemicals. For example, dielectric constant 
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4 
is one of the natural characteristics of chemicals, and can be 
used to identify chemicals. The dielectric constant can be 
measured electrically by the capacitive reactance in imped 
ance complex in the vector domain. Hence capacitive reac 
tance is one of the characteristic information useful for iden 
tifying chemicals (in the scalar domain, capacitance is 
proportional to the dielectric constant and has been used for 
identifying chemicals). 

In addition, each chemical has its unique composition of 
chemical elements Which results in speci?c chemical charac 
teristics. Such characteristics may be measured by resistance. 
For example, volatile organic chemical rich in hydrogen and 
oxygen changes electric conductivity (resistivity) of metal 
oxide based sensors. 

Since chemicals in pure form (including their gas phase) 
are not electrically conductive, capacitive reactance is the 
dominant component in impedance comparing With resis 
tance. HoWever, although resistance value is small, it re?ects 
resistive characteristics of chemicals and describes their 
properties in another dimension. Therefore, resistance infor 
mation is also important for identifying chemicals. 

Impedance can be obtained applying Ohm’s laW in AC 
condition: 

Z: W] [1] 

Where Z is the impedance vector, V is the voltage vector, and 
I is the current vector. It can be understood that from the above 
equation, the voltage across the sensor is proportional to the 
impedance under a constant current technique. Current pass 
ing through the sensor electrode is reverse proportional to the 
impedance applying a constant voltage technology. There 
fore, as alternatives, either current or voltage may be used (in 
the place of impedance) for identi?cation purpose. 
The present invention sensor and method does not require 

additional materials for adsorbing chemical vapors betWeen 
the metal conductors in the sensor design When the analytes 
are su?iciently concentrated. When the analyte concentra 
tions are loW, the present invention sensor and method has the 
option of using adsorbent materials in the sensor design to 
improve the sensitivity and detection limit of the sensor. 
The present invention has many novel and unique features 

and advantages. In summary, the present invention sensor and 
method for detecting analytes in ?uids utiliZe a single sensor 
design operating Within a frequency range of under 1 MHZ 
Which results in an easy instrument design and application. It 
does not require the use of a conductive polymer ?lm in the 
sensor structure and has capability to apply all types of adsor 
bents. It further provides a background reference and has a 
loW energy consumption that alloWs the use of a temperature 
programming to more precisely control the processes of 
adsorption and desorption for analytes, Which improves the 
detection and identi?cation of the analytes. In addition, the 
present invention sensor device has a loW cost to manufacture 
and is compact in siZe Which makes it portable and easy to 
use. 

It is noted that one of the main advantages of the present 
invention is to use single sensor con?guration to generate a 
spectrum of chemical signals. The reproducibility of manu 
facturing sensors can be easily achieved With a single sensor 
strategy When a feW pairs of identical sensors are needed for 
an instrument. The small siZe Which results in loW poWer 
consumption for controlling sensor temperature and small 
volume requirement also alloW the implementation of a dual 
sensing detection strategy Which, in addition to an analytical 
sensor, incorporates a reference sensor With the identical 
con?gurations as that of the analytical sensor. 
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With this dual sensors con?guration, samples of an analyte 
With background subjects such as humidity levels are tested 
by the analytical sensor While only the background subjects is 
are tested by the reference sensor. By comparing the outputs 
from the analytical and reference sensors, the background 
effect can be removed from the test result of the sample 
analyte. Similarly, the aging effect for polymer ?lm based 
sensors, and changes in testing responses induced by tem 
perature variation, can also be removed or eliminated. 

These and further novel features and objects of the present 
invention Will become more apparent from the folloWing 
detailed description, discussion and the appended claims, 
taken in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring particularly to the draWings for the purpose of 
illustration only and not limitation, there is illustrated: 

FIG. 1 is an illustrative plot diagram shoWing the result of 
classi?cation for ?ve (5) chemicals from a principal compo 
nent analysis, Where resistance and reactance at seven (7) 
frequencies Within a range of 10 KHZ to 500 KHZ are used in 
the analysis; 

FIG. 2 is an illustrative plot diagram shoWing the result of 
classi?cation for ?ve (5) chemicals from the principal com 
ponent analysis, Where resistance and reactance at eleven (1 l) 
frequencies Within a range of 500 KHZ to 1000 KHZ are used 
in the analysis 

FIG. 3 illustrates a schematic diagram of a single sensor 1 
containing a pair of metal Wires or plates acting as electrodes 
or capacitors; 

FIG. 4A shoWs a dual sensor con?guration Which utiliZes 
tWo identical sensors 1, one as an analytical sensor 2 (AS in 
abbreviation), and the other as a reference sensor 3 (RS). FIG. 
4A shoWs the dual sensor con?guration 12 Without an inte 
grated form of tWo sensors; 

FIG. 4B shoWs a dual sensor con?guration Which utiliZes 
tWo identical sensors, one as an analytical sensor 2, and the 
other as a reference sensor 3. FIG. 4B shoWs an integrated 

form 13; 
FIG. 5 shoWs a diagram for electrically connecting a single 

sensor 1 to an alternating current analyZing device 9; 
FIG. 6 shoWs a schematic of any type of adsorbent 8 placed 

onto electrodes or capacitors for adsorbing analytes from a 
?uid; 

FIG. 7A shoWs a schematic diagram to shoW a different 
con?guration 4 to form a single sensor Where an electrode 
acting as a ?rst electrode, and electrically conductive struc 
ture member, such as a sideWall acting as a second electrode; 
and 

FIG. 7B shoWs a sideWall is properly grounded in connec 
tion of the sensor 4 to the alternating current analyZing device 
9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Although speci?c embodiments of the present invention 
Will noW be described With reference to the draWings, it 
should be understood that such embodiments are by Way of 
example only and merely illustrative of but a small number of 
the many possible speci?c embodiments Which can represent 
applications of the principles of the present invention. Various 
changes and modi?cations obvious to one skilled in the art to 
Which the present invention pertains are deemed to be Within 
the spirit, scope and contemplation of the present invention as 
further de?ned in the appended claims. 
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6 
Referring to FIGS. 3, 4A, 4B and 5, the present invention 

sensor and method for detecting and identifying analytes in 
?uids have tWo main objectives. Referring to FIG. 3, the ?rst 
major objective of the present invention is to use a single 
sensor 1 con?guration for effective identi?cation of analyte 
by detecting certain electrical properties associated With their 
distinguished physical and chemical characteristics, such as 
dielectric constant, element electronegativity, and polarity. 
This ?rst main objective of the present invention is achieved 
by applying an impedance spectroscopy With frequency 
sWeeping technique. With a frequency sWeeping, a pattern of 
information is constructed at various selected frequencies. By 
analyZing the information With a pattern recognition process, 
the analytes can be identi?ed in comparison With those of 
knoWn substances. The second main objective of the present 
invention is to provide a method that can eliminate back 
ground subjects, such as humidity, Which in?uence the analy 
sis of analytes. Referring to FIGS. 4A and 4B, the second 
main objective is achieved by applying a dual sensing con 
?guration Which utiliZes tWo identical sensors 1, one as an 
analytical sensor 2 and the other as a reference sensor 3. 

It should be indicated that implementation of the dual 
sensing strategy is practically applicable in the present inven 
tion due to the advantage of small volume requirement from 
applying the single analytical sensor to obtain the patterned 
information for the analytes. 

Gases and volatile chemicals have their distinguished 
dielectric constants. They also contain various chemical ele 
ments that have their distinguished values of electronegativi 
ties. In addition, in terms of molecular symmetry, gases and 
volatile chemicals have their unique molecular siZes and 
shapes. These factors determine characteristics for chemical 
analytes in their adsorption and desorption processes. 

These physical and chemical characteristics can be 
described With certain AC electric properties, such as imped 
ance (Z) and its phase sensitive components: reactance Qi), 
resistance ®, and phase angle (6), as the analyte is under an 
AC voltage excitation. The AC electric properties can be 
obtained by using an instrument of impedance analyZer or 
other knoWn alternating current devices 9. In its simplest 
form, a test device can be a pair of metal Wires or plates acting 
as electrodes or capacitors. The AC electric properties of the 
gases or chemical vapors are obtained as gases or chemical 

vapors reside or pass through the electrodes or capacitor. 
Impedance is described as 

Z:R+X [2] 

in complex (With the bold letters indicating vectors). The 
phase angle (6) can be calculated from the R and X values. 

Reactance X of the sensor electrode in the present inven 
tion is combined With a reactive capacitance XC, and reactive 
inductance X L, Which can be described as folloWs: 

XLIJIZTU‘L) [4] 

Where C is a capacitance that is proportional to a dielectric 
constant of the medium residing betWeen electrodes, and L is 
the inductance of the electrode. For a small electrode, the 
value of inductance L is small and the reactance X is predomi 
nantly capacitive. 

If in the absence of analytes the reactive capacitance is 
XC(l), and in the presence of analyte the reactive capacitance 
is XC(2), then their difference AXC: 
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can be obtained, Which is the change of reactive capacitance 
as the result of the presence of the analyte. 

Since the capacitance of analytes is determined by the their 
dielectric constant, reactive capacitance can be used to detect 
and identify the analytes. This means reactive capacitance 
provides a signature information of each chemical. By vary 
ing the frequencies, the present invention is able to construct 
a reactance spectrum to record electrical property of the ana 
lytes at each frequency. This results in obtaining patterned 
chemical characteristics of the analytes. 

Gases and chemical vapors Will be adsorbed by the surface 
of the test device. This capability creates a complicated dif 
fusive process, and surface interfacial kinetics or surface 
resistance for the analyte, Which are associated With their 
distinguished molecular characteristics. For example, expo 
sure to hydrogen or oxygen-rich of volatile organic com 
pounds noticeably changes the electrical conductivity of 
metal oxide sensors. 

Since oxygen or hydrogen has its de?ned electronegativity, 
the changing of conductivity (resistivity) indicates that resis 
tance can be used to record chemical characteristics of 
vapors. 

In the present invention, a series of resistance information 
is also generated With varying frequencies. The change of 
resistance can be de?ned as: 

AR:R(2)—R(1) [6] 

Where R(l) is the resistance of electrode substrate in the 
absence of any analytes and R(2) is the resistance of substrate 
exposed to the analytes. 

Comparing magnitude of resistance and reactance, it is 
noted that reactance is the predominant factor to govern val 
ues of impedance since chemicals are not conducting at their 
dry phase. It is also noted that phase angles (6) can be calcu 
lated from R and X. Therefore, the change of phase angle (6) 
is also readily available. Combining the information of 
change of reactive capacitance and resistance and/ or change 
of phase angles, a matrix of electrical property is constructed 
that contains chemical characteristics of the analytes at vari 
ous selected frequencies. 
As the change of electrical property varies nonlinearly With 

frequency, the variation of the electrical property change can 
be analyZed through a pattern recognition process including 
applications of multivariate analysis method. Applying such 
pattern recognition analysis on the matrix of electrical prop 
erty, the chemical characteristics can be identi?ed. 
As a result, the analyte can be differentiated by comparing 

the patterned chemical characteristics of the analyte With 
those of knoWn substance. 

The preferred frequency range of the present invention 
method is from 10 KHZ to l MHZ. Applying the various 
selected frequencies can not only identify the analytes but 
also increases the options of instrument design and practical 
application. 

The present invention sensor design does not require the 
use of any conductive polymer ?lm for identifying analytes at 
high concentration. This is because the AC voltages can be 
applied across the vacuum betWeen the tWo electrodes With 
out conductive materials placed in betWeen. This is Well 
suitable to be used as a detection method of gas chromatog 
raphy Where the analyte vapor is separated and concentrated 
in the chromatographic process. This neW detection method 
Will provide information on not only the quantity but also the 
identity of the analytes in gas chromatography. 

In addition, referring to FIG. 6, since AC signal can travel 
through vacuum, the present invention can use any type of 
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8 
adsorbent 8 Whether or not they are electrically conductive for 
detecting analytes to concentrate or selectively concentrate 
dilute vapor. Therefore, the present invention method can 
utiliZe a variety of developed techniques on concentrating 
chemicals or selectively concentrating marker gases of ana 
lytes in ?uid for dilute analytes to improve sensitivity and 
selectivity of the sensors. Such techniques typically involve 
polymer ?lms, polymer inorganic materials composites, 
composites containing palladium, solid inorganic materials 
used as stationary phase in adsorption chromatography, and 
polymeric materials used as stationary phase in preparation of 
packed column in gas partition chromatography. 

For example, hydrogen is an important industrial gas for 
many applications. It is often critical to detect and identify the 
hydrogen gas due to safety concerns. In the present invention, 
the hydrogen gas can be selectively concentrated by applying 
composites containing palladium particles, and organic or 
inorganic ?llers. This is because the hydrogen gas has a large 
solubility in the palladium metal (often referred to as a 
“hydrogen sinker”). Since the present invention analyte 
detection method is not limited to adsorbent materials that are 
electrically conductive, it has a great ?exibility to choose any 
percentage of palladium particles in the composite to meet the 
conditions of required hydrogen gas concentration in analytes 
for the application of the present invention. 

Furthermore, adsorption chromatography uses solid par 
ticles as stationary phase to selectively adsorb molecules. 
Various solid inorganic materials can be used for this purpose. 
Among them, Molecular Sieves, silica gel, alumina, porous 
carbon particles, and calcium carbonate are the most popular 
choices. 

For example, Molecular Sieves retain its adsorbents, by 
strong physical forces, and separate molecules based on their 
siZe, con?guration, polarity, and degree of unsaturation. 
Molecular Sieves Will adsorb carbon monoxide in preference 
to argon. They preferentially adsorb polar molecular mol 
ecules containing oxygen, sulfur, chlorine, or nitrogen atoms, 
and asymmetrical molecular molecules containing oxygen, 
sulfur, chlorine, or nitrogen atoms, and asymmetrical mol 
ecules. Molecular Sieves also effectively trap ethylene or 
propylene from saturated hydrocarbons. 

In gas partition chromatography (GC), separation of 
chemicals in mixture is based on vapor pressure of chemicals 
and selective interactions betWeen chemicals and polymeric 
materials used as the stationary phase of the GC columns. The 
stationary phase materials are coated onto solid support sub 
stance. At the molecular level, the interaction is based on 
intermolecular forces betWeen chemical and materials of the 
stationary phase such as dispersion, induction, orientation, 
and donor-acceptor interaction. To help the understanding of 
the processes described above, the term “like dissolves like” 
may be useful to explain results of such intermolecular inter 
actions. Selectivity is one of results of the interaction due to a 
similarity betWeen “likeness” of a kind of chemicals and 
materials of the stationary phase of the column. For example, 
polarity is a physical parameter of chemicals and can be used 
to describe such likeness. Polar chemicals like polar materials 
of the stationary phase, and non polar chemicals go to non 
polar stationary phase. 

Based on this principle, objective of selective partition of a 
type of chemicals can be achieved by using a kind of station 
ary phase materials Whose polarities are close or match the 
polarities of the chemicals. For example, polysiloxane is a 
non polar material. It is most popularly used as the base 
materials of the GC stationary phase since its basic chemical 
structure can be readily derived by methyl, vinyl, phenyl, 
diphenyl,3,3,3,-tri?uoropropyl, 2-cyanoethyl, or 3-cyano 
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propyl constituents to change its polarity from non polar to 
polar. Therefore, speci?cally derived polysiloxane polymers 
are appropriate to many types of industrial chemicals in terms 
of closeness of their polarities. 

The following polymers are often involved in applications 
for the industrial chemicals in ?uid: 

l. Poly(l00% dimethylsiloxane) for analytes of solvents, 
petroleum products, fuel, oil, hydrocarbons, pharmaceuti 
cals, ?avors, and fragrances. 

2. Polymers containing (5% diphenyl/95% dimethyl), or 
(35% diphenyl/65% dimentyl), or (14% cyanopropyl/86% 
dimethyl) for analytes of pesticides, aromatic hydrocarbons, 
polychlorinated biphenyl, oxygenates, amines, essential oil, 
pharmaceuticals, environmental samples, and nitrogen con 
taining herbicides. 

3. Poly(20% diphenyl/80% dimethylsiloxane) for ?avor 
aromatics and alcoholic beverage. 

4. Polymers containing (50% phenyl/ 50% methyl) or (tri 
?uoropropylmethyl) for environmental chemicals, solvents, 
and ketones. 

5. Ploy(65% diphenyl/ 35% dimethylsiloxane) for analytes 
of phenols and fatty acids. 

6. Poly(50% cyanopropylmethyl/ 50% phenylmethylsilox 
ane) for analytes of carbohydrates and neutral sterols. 

The derived polysiloxane polymers can be coated onto 
solid support particles for preparation of packed columns. 
The solid support can be porous ceramics including alumina, 
silica, and glass, or other particles. 

Applying a single sensor With electric frequency sWeeping 
technique, the present invention is able to not only obtain a 
patterned information of analyte but also gain a distinctive 
advantage of having small size of sensor and sensor compart 
ment in sensor design. The small siZe of sensor and its com 
partment make the present invention practically be able to 
utiliZe a dual sensing detection in sensor manufacturing, par 
ticularly for manufacturing handheld and battery poWered 
electronic nose instrument. 

The present invention applies tWo identical sensors one 
serving as an analytical sensor, and the other as a reference 
sensor. When background subjects such as humidity is a 
critical factor that affects sensor performance, the analytes 
With background subjects are tested With the analytical sen 
sor, but only the background subjects are tested With the 
reference sensor. By subtracting electrical property of the 
analytical sensor from that of the reference sensor, the in?u 
ence of background subjects, including humidity, can be 
eliminated. 
One application of the this dual sensor arrangement is for in 

situ medical diagnostic applications, for example detecting 
ear and mouth diseases for patients. In such applications, the 
analytes of chemical vapor generated by bacteria caused by 
diseases are overlapped by the humidity in breath Where the 
Water concentration in humidity is signi?cantly higher than 
that of the analytes. By using a reference sensor, the humidity 
can be measured by the reference sensor and its electrical 
property can be subtracted from the electrical properties of 
the analytical sensor Which measures both the analytes and 
the humidity level. As a result, the information of the analytes 
can be obtained Without the error introduced by the humidity 
level. Similarly, this dual sensor arrangement of the present 
invention can also be used to compensate the polymer ?lm 
aging effect, or in?uence caused by temperature variations. 

Gases and chemical vapors Will be in?uenced by tempera 
ture in their adsorption and desorption process. In gas chro 
matography, a temperature programming process is often 
applied for e?icient separation of chemical mixture. Because 
of its small siZe of the sensor and sensor compartment Which 
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10 
result in loW poWer consumption for temperature regulation 
on sensor and analyte, the present invention can utiliZe tem 
perature programming to control adsorption and desorption 
process on gases and chemical vapors in their interaction With 
sensor electrodes. This makes it possible that chemical char 
acteristics of the analytes can be fully explored by the present 
invention method. 
The present invention enables the design and development 

of sensor instrument With a small siZe, loW cost and great 
portability. As an example, the present invention sensor is 
Well suitable for a disposable electrode con?guration in 
design of electronic nose instrument. 

EXAMPLES 

The folloWing are examples and experimental information 
of the present invention sensor and method Which are offered 
by Way of illustration only and not by Way of limitation. 
A pair of electrodes Were constructed With gold Wires. The 

electrodes Were 12 mm in length and had a gap up to 1 mm. 
The electrodes Were connected to an instrument of impedance 
analyZer, such as an “Agilient 4294A” analyZer. Calibration 
of electrodes Was proceeded prior to sample measurement. A 
frequency sWeeping methodWas used in impedance measure 
ment Where resistance and reactance or impedance and phase 
angle could be simultaneously obtained at various frequen 
cies Within the sWept frequency range. 

Five chemicals Were used in impedance tests, including 
acetone, acetic acid, hexane, toluene, and Water. In the experi 
ment, each chemical Was alternatively measured six times. In 
doing so, each chemical Was ?lled a half full into six vials, 
Which Were tightly sealed except for sample testing. 

Before measuring each chemical sample, room air Was ?rst 
measured and recorded, and its impedance, resistance, and 
reactance Were used as references. To measure a sample, a 

vial containing such sample Was unsealed and placed Where 
the liquid surface Was close to the electrode. A cotton ball Was 
used to block a joint area of electrode cable and vial opening 
to prevent variation of chemical vapor concentration inside 
the vial. Then a Waiting period of ten seconds Were applied 
before taking the impedance data. After the measurement Was 
done, the vial Was immediately taken aWay from the elec 
trodes and resealed. The measured vial Was not reused. 
The electrodes Were then exposed to room air again for 

about ten minutes before the next measurement. The 
sequence of measuring chemicals Was in the order of toluene, 
acetone, hexane, Water, and acetic acid. The second and sub 
sequent (up to the sixth) measurements Were taken With the 
same sequence. Change of electrical property is obtained 
from the folloWing equation: 

Change of electrical property:Electrical property of 
sample-Electrical property of air [7] 

Thus a raW data matrix Was constructed from measuring each 
chemical at various frequencies, Wherein each tWo columns 
represented resistance change and reactance change at one 
frequency, respectively, and each roW represented a single 
measurement of a chemical. 

Referring to FIG. 1, there is shoWn the principal compo 
nent analysis (PCA) for chemicals of acetic acid, acetone, 
hexane, toluene, and Water With their resistance and reactance 
data obtained at 10, 20, 50, 100, 200, 300 and 500 KHZ. The 
electrical information of the chemicals is simpli?ed after 
applying principal component analysis and presented in 
accordance With tWo principal components F1 and F2. During 
data analysis applying PCA, the raW data of change of resis 
tance and reactance in the matrix Was autoscaled and normal 
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iZed to the length one before further processing. It is clear 
from the graph that the test results from the same chemical are 
grouped in a particular area, as the 5 chemicals are separated 
and located in different areas of the F1 and F2 plane. The 
results of principal component plotting indicate that chemi 
cals can be distinguished With their electrical properties, such 
as impedance and its phase sensitive components (i.e., resis 
tance and reactance) obtained from frequency ranging from 
10 KHZ to 500 KHZ. 

Referring to FIG. 2, there is shoWn the results of separation 
from the principal component analysis for chemicals of acetic 
acid, acetone, hexane, toluene, and Water, Where their resis 
tance and reactance data Were obtained at frequencies 502, 
550, 600, 651, 700, 750, 801, 850, 901, 949 and 1,000 KHZ 
according to the present invention. Each chemical Was repeat 
edly measured three times in accordance With the procedure 
described above. During data analysis applying PCA, the raW 
data matrix of change of resistance and reactance Was 
autoscaled and normaliZed to the length one before further 
processing. The results indicate that impedance and its com 
ponents can be used to identify chemicals. 

It is understood that the application of the above speci?ed 
frequencies is only for illustration of effectiveness for the 
present invention. It is not intended here to limit other fre 
quencies Within the frequency ranges in applications. 

Furthermore, it can be understood from the above experi 
mental results that, instead of identifying analytes in ?uids 
from multiple frequency detection, the present invention can 
also be used to detect presence of analytes of interests With a 
single frequency application. For example, in GC chemical 
analysis, chemicals are eluted separately out of the column by 
a carrier gas (usually hydrogen, or helium, or nitrogen). Each 
chemical can be detected in presence because of different AC 
electrical properties from the carrier gas and chemicals at the 
applied frequency. As another example, detection of knoWn 
?ammable gases such as methane is critical for safe operation 
in mine industry. Detection of such gases can be achieved at 
a pre-selected frequency With application of core technolo 
gies in the present invention. 

In addition, referring to FIGS. 7A and 7B, in the single 
sensor according to the present invention, the tWo electrodes 
may be formed in many Ways 4. For example, When a ?rst 
electrode is positioned at a location close to a sideWall of a 
container made of electrically conductive material Which is 
properly grounded, then the sideWall of the container may 
serve as a second electrode. The ?uid to be tested can be 
directed to pass through the gap betWeen the ?rst electrode 
and the sideWall of the container Which functions as the 
second electrode. 
The present invention has many advantages. It utiliZes a 

single analytical sensor to generate a spectrum of chemical 
signals. The small siZe Which results in loW poWer consump 
tion on sensor temperature regulation and small volume 
requirement also alloW the implementation of a dual sensing 
detection strategy Which, in addition to the analytical sensor, 
incorporates a reference sensor With identical con?gurations. 
With this dual sensors con?guration, the effects of back 
ground subjects such as humidity levels, or other factors such 
as the aging effect for polymer ?lms and changes in testing 
responses induced by temperature variation, can also be 
eliminated. 

The present invention sensor and method also operate 
Within a loW frequency range betWeen 10 KHZ and 1 MHZ. 
The loW energy consumption of the present invention sensor 
further alloWs the use of temperature programming to 
improve the detection and identi?cation of the analytes. 
Applying the electric impedance method, the present inven 
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12 
tion provides capability to use all types of absorbents, includ 
ing organic, inorganic, and metal materials. In addition, the 
present invention sensor device is loW cost to produce, com 
pact in siZe, portable, and easy to use. 
Of course the present invention is not intended to be 

restricted to any particular form or arrangement, or any spe 
ci?c embodiment, or any speci?c use, disclosed herein, since 
the same may be modi?ed in various particulars or relations 
Without departing from the spirit or scope of the claimed 
invention hereinabove shoWn and described of Which the 
apparatus or method shoWn is intended only for illustration 
and disclosure of an operative embodiment and not to shoW 
all of the various forms or modi?cations in Which this inven 
tion might be embodied or operated. 
The present invention has been described in considerable 

detail in order to comply With the patent laWs by providing 
full public disclosure of at least one of its forms. HoWever, 
such detailed description is not intended in any Way to limit 
the broad features or principles of the present invention. 

Although the above invention is described in some detail 
by Way of illustration and example for purposes of clarity of 
understanding, it is apparent to those of ordinary skill in the 
art in light of the teaching of this invention that many changes 
and modi?cations may be made thereto Without departing 
from the scope of the appended claims. 

What is claimed is: 
1. A sensor, comprising: 
a. a single analytical sensor comprising tWo electrodes; 
b. said tWo electrodes are maintained in a closely spaced 

apart relationship; 
c. means for connecting said single analytical sensor hav 

ing said tWo electrodes to an alternating current (AC) 
analyZing device; 

d. a ?uid containing analytes is positioned betWeen said 
tWo electrodes, said ?uid containing said analytes bridg 
ing said tWo electrodes; 

e. means for applying various frequencies of AC signals to 
said ?uid containing said analytes; 

f. means for detecting AC related electrical properties of 
said ?uid containing said analytes according to said 
applied various frequencies of AC signals, said 
electrical properties are detected at each of said applied 

frequencies; and 
g. said AC related electrical properties according to a mul 

tiplicity of said applied frequencies are used for identi 
?cation of said analytes present in said ?uid. 

2. The sensor as claimed in claim 1, Wherein said AC 
related electrical properties include impedance of said ?uid 
containing said analytes. 

3. The sensor as claimed in claim 1, Wherein said AC 
related electrical properties include resistance of said ?uid 
containing said analytes. 

4. The sensor as claimed in claim 1, Wherein said AC 
related electrical properties include reactance of said ?uid 
containing said analytes. 

5. The sensor as claimed in claim 1, Wherein said AC 
related electrical properties include phase angle of said ?uid 
containing said analytes. 

6. The sensor as claimed in claim 1, Wherein said AC 
related electrical properties include voltage of said ?uid con 
taining said analytes. 

7. The sensor as claimed in claim 1, Wherein said AC 
related electrical properties include current of said ?uid con 
taining said analytes. 

8. The sensor as claimed in claim 1, Wherein said electrodes 
are made of electrically conductive materials. 
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9. The sensor as claimed in claim 1, further comprising a 
layer of material between said tWo electrodes for adsorbing 
said analytes in said ?uid. 

10. The sensor as claimed in claim 9, Wherein said layer of 
material is selected from the group consisting of polymer, 
polymer inorganic material composite, Molecular Sieves, 
silica gel, alumina, porous carbon, and calcium carbonate 
particles, composite of palladium particles and inorganic 
materials, or composite of palladium particles and polymer, 
polymer modi?ed porous ceramic particles including porous 
alumina, or polymer modi?ed porous silica, and polymer 
modi?ed porous glass beads. 

11. The sensor as claimed in claim 1, further comprising 
means for implementing a temperature programming tech 
nique. 

12. The sensor as claimed in claim 1, further comprising a 
reference sensor identical to said single analytical sensor for 
measuring AC related electrical properties of background 
environment accompanied With only said ?uid. 

13. The sensor as claimed in claim 12, Wherein said back 
ground environment includes the group comprising tempera 
ture variation, polymer ?lm aging effect and humidity level. 

14. The sensor as claimed in claim 1, Wherein said AC 
related electrical properties are used for detection of said 
analytes present in said ?uid. 

15. The sensor as claimed in claim 1, further comprising 
odorants as said analytes. 

16. A sensor, comprising: 
a. a single analytical sensor comprising a ?rst electrode and 

a structural member functioning as a second electrode; 
said ?rst electrode and said structural member are main 
tained in a closely spaced apart relationship; 

c. means for connecting said single analytical sensor hav 
ing said ?rst electrode and said structural member to an 
alternating current (AC) analyZing device; 
a ?uid containing analytes is positioned betWeen said 
?rst electrode and said structural member, said ?uid 
containing said analytes bridging said ?rst electrode and 
said structural member; 

e. means for applying various frequencies of AC signals to 
said ?uid containing said analytes; 

f. means for detecting AC related electrical properties of 
said ?uid containing said analytes according to said 
applied various frequencies of AC signals, said 
electrical properties are detected at each of said applied 

frequencies; and 
. said AC related electrical properties according to a mul 
tiplicity of said applied frequencies are used for identi 
?cation of said analytes present in said ?uid. 

17. The sensor as claimed in claim 16, Wherein said AC 
related electrical properties include impedance of said ?uid 
containing said analytes. 

18. The sensor as claimed in claim 16, Wherein said AC 
related electrical properties include resistance of said ?uid 
containing said analytes. 

19. The sensor as claimed in claim 16, Wherein said AC 
related electrical properties include reactance of said ?uid 
containing said analytes. 

20. The sensor as claimed in claim 16, Wherein said AC 
related electrical properties include phase angle of said ?uid 
containing said analytes. 

21. The sensor as claimed in claim 16, Wherein said AC 
related electrical properties include voltage of said ?uid con 
taining said analytes. 

22. The sensor as claimed in claim 16, Wherein said AC 
related electrical properties include current of said ?uid con 
taining said analytes. 
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23. The sensor as claimed in claim 16, Wherein said elec 

trodes are made of electrically conductive materials. 
24. The sensor as claimed in claim 16, further comprising 

a layer of material betWeen said ?rst electrode and said sec 
ond electrode for adsorbing said analytes in said ?uid. 

25. The sensor as claimed in claim 24, Wherein said layer of 
material is selected from the group consisting of polymer, 
polymer inorganic material composite, Molecular Sieves, 
silica gel, alumina, porous carbon, and calcium carbonate 
particles, composite of palladium particles and inorganic 
materials, or composite of palladium particles and polymer, 
polymer modi?ed porous ceramic particles including porous 
alumina, or polymer modi?ed porous silica, and polymer 
modi?ed porous glass beads. 

26. The sensor as claimed in claim 16, further comprising 
means for implementing a temperature programming tech 
nique. 

27. The sensor as claimed in claim 16, further comprising 
a reference sensor identical to said single analytical sensor for 
measuring AC related electrical properties of background 
environment accompanied With only said ?uid. 

28. The sensor as claimed in claim 27, Wherein said back 
ground environment includes the group comprising tempera 
ture variation, polymer ?lm aging effect and humidity level. 

29. The sensor as claimed in claim 16, Wherein said AC 
related electrical properties are used for detection of said 
analytes present in said ?uid. 

30. The sensor as claimed in claim 16, further comprising 
odorants as said analytes. 

31. A sensor, comprising: 
a. a single analytical sensor comprising tWo electrodes; 
b. said tWo electrodes are maintained in a closely spaced 

apart relationship; 
c. means for connecting said single analytical sensor hav 

ing said tWo electrodes to an alternating current (AC) 
analyZing device; 
a ?uid containing analytes is positioned betWeen said 
tWo electrodes, said ?uid containing said analytes bridg 
ing said tWo electrodes; 

e. means for applying various frequencies of AC signals to 
said ?uid containing said analytes; 

f. means for detecting AC related electrical properties of 
said ?uid containing said analytes according to said 
applied various frequencies of AC signals, said 
electrical properties are detected at each of said applied 

frequencies; and 
. said AC related electrical properties according to one of 
said applied frequencies is used for detection of said 
analytes present in said ?uid. 

32. The sensor as claimed in claim 31, Wherein said AC 
related electrical properties include impedance of said ?uid 
containing said analytes. 

33. The sensor as claimed in claim 31, Wherein said AC 
related electrical properties include resistance of said ?uid 
containing said analytes. 

34. The sensor as claimed in claim 31, Wherein said AC 
related electrical properties include reactance of said ?uid 
containing said analytes. 

35. The sensor as claimed in claim 31, Wherein said AC 
related electrical properties include phase angle of said ?uid 
containing said analytes. 

36. The sensor as claimed in claim 31, Wherein said AC 
related electrical properties include voltage of said ?uid con 
taining said analytes. 

37. The sensor as claimed in claim 31, Wherein said AC 
related electrical properties include current of said ?uid con 
taining said analytes. 
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38. The sensor as claimed in claim 31, wherein said elec 
trodes are made of electrically conductive materials. 

39. The sensor as claimed in claim 31, further comprising 
a layer of material between said tWo electrodes for adsorbing 
said analytes in said ?uid. 

40. The sensor as claimed in claim 39, Wherein said layer of 
material is selected from the group consisting of polymer, 
polymer inorganic material composite, Molecular Sieves, 
silica gel, alumina, porous carbon, and calcium carbonate 
particles, composite of palladium particles and inorganic 
materials, or composite of palladium particles and polymer, 
polymer modi?ed porous ceramic particles including porous 
alumina, or polymer modi?ed porous silica, and polymer 
modi?ed porous glass beads. 

41. The sensor as claimed in claim 31, further comprising 
means for implementing a temperature programming tech 
nique. 

42. The sensor as claimed in claim 31, further comprising 
a reference sensor identical to said single analytical sensor for 
measuring AC related electrical properties of background 
environment accompanied With only said ?uid. 

43. The sensor as claimed in claim 42, Wherein said back 
ground environment includes the group comprising tempera 
ture variation, polymer ?lm aging effect and humidity level. 

44. The sensor as claimed in claim 31, further comprising 
odorants as said analytes. 

45. A sensor, comprising: 
a. a single analytical sensor comprising a ?rst electrode and 

a structural member functioning as a second electrode; 
b. said ?rst electrode and said structural member are main 

tained in a closely spaced apart relationship; 
. means for connecting said single analytical sensor hav 
ing said ?rst electrode and said structural member to an 
alternating current (AC) analyZing device; 

d. a ?uid containing analytes is positioned betWeen said 
?rst electrode and said structural member, said ?uid 
containing said analytes bridging said ?rst electrode and 
said structural member; 

e. means for applying various frequencies of AC signals to 
said ?uid containing said analytes; 

f. means for detecting AC related electrical properties of 
said ?uid containing said analytes according to said 
applied various frequencies of AC signals, said 
electrical properties are detected at each of said applied 

frequencies; and 
g. said AC related electrical properties according to one of 

said applied frequencies are used for detection of said 
analytes present in said ?uid. 
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46. The sensor as claimed in claim 45, Wherein said AC 

related electrical properties include impedance of said ?uid 
containing said analytes. 

47. The sensor as claimed in claim 45, Wherein said AC 
related electrical properties include resistance of said ?uid 
containing said analytes. 

48. The sensor as claimed in claim 45, Wherein said AC 
related electrical properties include reactance of said ?uid 
containing said analytes. 

49. The sensor as claimed in claim 45, Wherein said AC 
related electrical properties include phase angle of said ?uid 
containing said analytes. 

50. The sensor as claimed in claim 45, Wherein said AC 
related electrical properties include voltage of said ?uid con 
taining said analytes. 

51. The sensor as claimed in claim 45, Wherein said AC 
related electrical properties include current of said ?uid con 
taining said analytes. 

52. The sensor as claimed in claim 45, Wherein said elec 
trodes are made of electrically conductive materials. 

53. The sensor as claimed in claim 45, further comprising 
a layer of material betWeen said ?rst electrode and said sec 
ond electrode for adsorbing said analytes in said ?uid. 

54. The sensor as claimed in claim 53, Wherein said layer of 
material is selected from the group consisting of polymer, 
polymer inorganic material composite, Molecular Sieves, 
silica gel, alumina, porous carbon, and calcium carbonate 
particles, composite of palladium particles and inorganic 
materials, or composite of palladium particles and polymer, 
polymer modi?ed porous ceramic particles including porous 
alumina, or polymer modi?ed porous silica, and polymer 
modi?ed porous glass beads. 

55. The sensor as claimed in claim 45, further comprising 
means for implementing a temperature programming tech 
nique. 

56. The sensor as claimed in claim 45, further comprising 
a reference sensor identical to said single analytical sensor for 
measuring AC related electrical properties of background 
environment accompanied With only said ?uid. 

57. The sensor as claimed in claim 56, Wherein said back 
ground environment includes the group comprising tempera 
ture variation, polymer ?lm aging effect and humidity level. 

58. The sensor as claimed in claim 45, further comprising 
odorants as said analytes. 
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Col. 8, line 34, change “configuration” to --configurations--. 
Col. 8, line 34, change “degree” to --degrees--. 
Col. 8, line 36, change “molecular molecules” to --molecules--. 
Col. 8, line 38, change “molecular molecules” to --molecules--. 
Col. 8, line 48, change “chemical” to --chemicals--. 
Col. 8, line 56, change “polarity is a physical parameter” 

to --polarities are physical parameters--. 
C01. 9, line 32, change “size of’ to --sized--. 
Col. 9, line 33, change “size of sensor and its” to --sized sensor and sensor--. 
Col. 9, line 67, change “its small size of’ to --the small sized--. 
Col. 10, line 37, change “electrode” to --electrodes--. 
Col. 11, line 34, change “chemicals” to --chemical--. 
Col. 11, line 57, change “sensors” to --sensor--. 
Col. 11, line 60, change “variation” to --variations--. 
Col. 12, line 1, change “absorbents” to --adsorbents--. 
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Thirty-?rst Day of March, 2009 

term 
JOHN DOLL 

Acting Director ofthe United States Patent and Trademark O?ice 


